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INTRODUCTION.
It It veil known that individual members of a microorganism
may vary as regards morphological and biochemical characteristics and
it is reasonable to assume that they will vary in terms of other bio-
logical properties* Therefore, the importance of a knowledge concern-
ing varying properties of a strain of bacteria to be phagoeytlsed be-
comes obvious when one desires to study phagocytosis, as a biological
phenomenon or as it relates to any field of study applied to diagnosis
or immunity. The susceptibility of pneumococci to phagocytosis has
been demonstrated by many series of tests* Apparently strains of these
forms which have been kept upon artificial media and have lost their
virulence are readily taken up by leucocytic cytoplasm. Others poss-
essing high degrees of virulence for experimental animals, resist
phagocytosis. Even as far back as 1906 RosenowU) demonstrated that
pneumonic leucocytes are perceptibly more actively phagocytic than
normal leucocytes. Be also showed that dead leucocytes appear to have
no pneumococcldal effect.
One of the most important indications of infection with, and
immunity to, Brucella in man is the phagocytic response of the blood,
determined by "in vitro* opeono-cytophagic tests of an individual's
blood* It has been found that leucocytes of individuals who have a
high degree of immunity or who are developing a degree of immunity show
marked phagocytosis in opsone—cytophagic tests. With these two facts
in mind, it has been planned in the present experiments to determine
the relative extent to which various strains of Brucella are phago-
oytised by blood cells of the human subject and some of the lower
animals.
The metabolic products of certain bacteria such as the staph-
ylococci and streptococci effect fatally the protective leucocyte*.
Van de Velde(s) found that the substance responsible for leucoeytle
disintegration is present in sterile broth filtrates of staphylococci
and streptococci cultures. Since the leucocytes were destroyed, Van
de Velde named the toxic substance in these filtrates *leucocidin".
The results of many investigations today indicate that leuco-
eldins may veil be produced by many bacteria, but actually have been
studied only In connection with the pneumococcl, streptococci and the
staphylococci, low and then, meager reports have appeared in the
literature concerning bacillary forms producing leueocidlns toxic to
various animal leucocytes. Recent investigations by Gay and Qram( 8)
and Oram(*) conducted upon pneumococcl and streptococci grown both
aerobically and anaerobically have confirmed previous investigations,
demonstrating leucecldlc substances in culture filtrates which are def-
initely toxic to the rabbit polymorphonucleated cells.
In addition to the opsono-cytophagic tests it has been planned
to search for leuoocidln production by different strains of the Brucella
organism.
In the study undertaken here, with the Brucella organism, the
plan of operation and procedure has been adjusted to embody the essen-
tially successful features of the work already reported, both from the
standpoint of strain variation in terms of phagocytosis and the studies
on the filtrate in the search for leucocidic substances.
PHAGOCYTIC STUDIES.
mint tic fcuw>wt
The literature ©a the subject of phagocytosis has been re-
viewed, for this particular paper, with reference to the factor*
effecting the biological activity of leucocytes, serum and bacteria.
The mechanism of phagocytosis as it la understood at the
present time consists of a three-phase system in which ingestion of
bacteria by a leucocyte depends on the interaction between serum,
bacteria and leucocyte* Normal serum contains a substance called
opsonin (Hektoen and Ruedlger(5), Mudd et. al.( 6H 7)), which acts
upon the bacterial cell thereby preparing it for ingestion. Immune
serum contains a similar substance called bacteriotropin. Mudd et. al.( 6)
again have shown that the opsonin or bacteriotropin in the serum pre-
pares the bacteria for phagocytosis by increasing the cohesiveness,
decreasing the surface potential differences, and altering the wetting
properties of the bacterial cell. The immediate cause of this change
in surface properties is due to a deposition of sensitising substance
or substances from the serum upon the cell. The bacterial cell ad-
heres to the leucocyte more easily than before sensitization and is
subsequently ingested. The actual ingestion is preceded by a gradual
spreading of the leucocyte around the bacterial cell. According to
Cromwell and OenteuoC8 ) who noted vacuolations in stained leucocytes
after incubation with sensitised B. typhosus and pneumococci, toe final
fate of engulfed bacteria is digestion by the leucocyte end the vacuola-
tions are the remnants of bacterial cells being digested.
The data summarized from many sources by Mudd at. al. (7)
lead to the conclusions that specific precipitations, agglutination
and the phagocytosis effects of serum sensitization are all conse-
quences of one underlying phenomenon. This phenomenon is the speci-
fic chemical combination with and deposit on the surface of the anti-
gen of the antibody protein. The adequacy of this phagocytosis pro-
noting mechanism depends obviously upon the concentration of phago-
cytosis promoting substances in the serum and upon their combining
affinities for the components of the bacterial surfaces. Studies
upon the intrinsic properties of the bacterial surface have not been
neglected, Mudd et. al.(7) also have shorn that certain bacteria
can be phagocytized even in the absence of serum. The mechanical
explanation has been sought through electrokinetic potential and
surface charge. The correlation between surface properties and phago-
cytosis promoting effects are the results of a common factor at work,
as stated above, deposition of serum proteins upon the test particles.
Therefore, it has been concluded that only large surface charges at
the cell fluid and particle fluid interfaces can influence ingestion,
and if a very large charge occurs at the cell-particle interface, in-
gestion nay be prevented. The effect of the charges at the three
interfaces vary with the radius of the cell, radius of the particle,
and the interfacial tension. Thus the interplay of surface forces
in phagocytosis may be reached by considering surface tension or free
surface energy. All discussions pertaining to phagocytosis having to
do with surface forces relate in some orderly manner with the surface
properties of the materials phagocytized.
WetnbrennerC 9), studying bacterial variability and phagocy-
tosis was of the opinion that the physico-chemical nature of the part-
icles to be phagocytlsed is related to the surface tension and the pro-
tective covering of the particles with colloid, fiscoslty, ionic con-
tent, pH concentration and osmotic pressure are all linked with the
colloidal chemistry.
tfodd at. al,( 7) ltt reviewing the subject of phagocytosis
organised their subject matter for discussion under three headings,
considering first those factors which influence phagocytosis, secondly,
the mechanics of phagocytosis and, lastly, the different kind of cells
which exhibit phagocytosis. The effect of ions, fat soluble substances,
histasdne. Various drugs, hormones, Irradiation, temperature and osmotic
pressure on phagocytosis have been studied. Phagocytosis under differ-
ent degrees of temperature is variable} reducing osmotic pressure pro-
bably will Increase phagocytosis by increasing cell viscosity} altering
free energy relations at the cell-particle-medium interface affects the
rate of phagocytosis. Lipoids, such as lecithin, do not increase
phago-
cytosis and the results with cholesterol have been variable. Insulin
has appeared to increase the phagocytosis of carbon particles
by horse
leucocytes. Irradiated leucocytes do not phagocytise most
bacteria
well) the effect appears to be on the leucocyte rather than on
the serum.
Irradiation of the bacteria, however, proved to decrease its
resistance
to phagocytosis. The reports on the influence of
irradiation are most
conflicting and require further investigation.
The question of the effect of bacteriophage prior
to phagocytic
tests has been discussed by several Investigators.
Smith(lO) states
that the exposure of llrlag susceptible bacteria to the homologous
bacteriophage ao alters theee bacteria that they are more amenable
to phagocytosle. Oerardi^11) concludes that the bacteriophage exer-
cises a significant influence "in vitro" as well as "in vivo" on the
phagocytic power of leucocytes and this Influence is specific for the
homologous bacteria. Serum of experimental animals injected with the
bacteriophage has marked influence on the phagocytosis by normal leuco-
cytes. Gwatkln^18) attempted to obtain a bacteriophage lytic for
Brucella abortus by erasing feces from infected cows, milk from in-
fected and uninfected cows, vaginal discharges, fetal membranes, fetal
stomach contents, and blood. However, there was no evidence of lysis
or plaques from any of the materials examined, and when an attempt
was
made to lyss Brucella with 8. pullorum bacteriophage the results were
always negative.
Hiekllng^15) noted when he investigated suppurative and exuda-
tive cases of streptococcus infections that a positive
chemiotacUe
substance derived from the bacteria was responsible for the
phagocy-
tosis or any activities on the part of the leucocytes.
The evidence
pointed always to the bacteria as the stimulators of
the leucocytes.
Herod*) concluded that Immune leucocytes from defibrlnated blood of
hemolytic streptococci patients phagocytised many
streptococci and re-
sults rather definitely point to the high opsonic
content of the serum
and its relationship to the bacterial cell. In
another contribution
Hare(xs) fully appears to substantiate his first
conclusions that the
Virulent strains of hemolytic streptococci produce
In broth cultures
organisms which are highly resistant to phagocytosis by human leuco-
cytes and which keep their virulence for tone tiae. Avirulent strains
produce ooeci which are not at any tine resistant to phagocytosis and
he concludes that resistance of an organism to phagecytoaie eonnotee
failure of opsonization.
Ward^16^ deaonatrated that the phagocytic titer in early un-
treated cases of pneumonia was high against the infecting organise,
pointing to a local rather than a general lowering of resistance in
infection with the pneuaococcus and that the specific carbohydrate has
a definite antiphagocytic action, especially in type HI. This confirm*
Siaa<17) work* Results In a later series of »in ritro" experinents(
le )
indicated that addition of laaune serua to the phagocytic mixture caused
inhibition of phagocytosis apparently because of mechanical interference
by the specific precipitate (formed by antiserum and specific carbo-
hydrate). By diluting the anti-serum a sons of effective phagocytosis
is reached and further dilation results la further decreasing of
phago-
cytosis, as the very dilute anti-serum falls to neutralise the
specific
carbohydrate, which has a specific antiphagocytic action.
tfsiag the pneunoeoecus aa the test organism, lard and mders<
19)
have shown that complement may enter into the mechanics of
phagocytosis,
although it alone cannot induce ingestion of the pneumococeus.
Hackle et. al.*20) were of the opinion that when a serum
is
strongly bactericidal the killed organisms when phagocytiaed
along with
living bacteria interfere with the intracellular digestion
of the baot-
erla, which are at the sane time protected from the
bacterioidina in
the serum.
Wittenberg et. al. from a •riot of experiments showed
that phagocytosis of gonococci by leucocytes depends upon the influ-
ence of gonotoxin on the organism and not on the organisms themselves.
They found that by exposing the leucocyte to the gonotoxin prior to
"in vitro" phagocytic tests resulted In a greater aridity of the leuco-
cyte for the gonococcus. The effect of the endotoxin (gonotoxin) most
assuredly mould vary with the bacterial cell. The greater the toxin
production, the greater mould be the number of bacteria susceptible
to ingestion by leucocytes if the gonotoxin is a stimulator of gono-
cocci for phagocytosis.
Wigodtchikoff(22) showed that not only do antigenic inocula-
tions stimulate the production of antibodies and immune bacteriotropins,
but also act to produce immune leucocytes whose phagocytic power is
greatly enhanced* Spit and Hoder^ 25 ) also investigated the Immunolo-
gical properties of leucocytes and found that when used as antigen
they could stimulate production of an immune serum containing agglutin-
ins and complement-fixation antibodies. When the immune serum was
mixed with leucocytes their bactericidal properties were not altered.
Tunnicliff noted a marked increase in phagocytosis in
rabbit* s blood after intravenous and intramuscular injections of solu-
tions of calcium gluconate, calcium chloride, sodium salicylate, sodium
iodide, dextrose and neo-salvarsen, but solutions of sodium chloride,
distilled water, milk, sodium phosphate, and mercurochrome in water
or dextrose solution appeared to cause no increase in phagocytosis.
The chemical action appeared to be on the leucocyte and not on the
opsonin*
Hanburger( 2S ) showed that CaClg increased the rate of phago-
cytosis. Hektoen and Ruediger(5) likened opsonin to complement in
that it could be bound or neutralised by * number of compounds such
as CaClg and BaClf,.
In a review of the subject of phagocytosis, Bodkins^ 26 ) em-
phasises the therapeutic value of milk used intravenously and small
quantities of iodine taken orally as stimulators of the phagocytes,
bat admits the lack of experimental evidence to substantiate his re-
marks.
The literature concerning the types of cells capable of
phagocytosis is very extensive. Macrophages, polynuclear, epithelial
cells* Kupffer cells, liver* pancreas, kidney, ciliated tracheal epi-
thelial* and fibroblastic cells all appear capable of acting as phago-
cytes. Tropin action is a well established biological requirement in
phagocytosis by these types of cells. Jones and Rous( 27) in their
experiments with isolated cells in culture found that staphylococci
were ingested only when immune serum was present, i.e., these cells
required the action of tropins. Many reports state that it is poss-
ible for some cells from specifically immunised animals to phagocytixe
both virulent and avirulent bacteria (mostly pneumococci) without addi-
tion of either normal or immune serum. It has* however, been repeatedly
explained that minute amounts of tropin containing serum are explanted
with the tissue from immune animals} if this be the ease, the phagocy-
tosis observed is essentially due to tropins carried over from immune
animals.
Boys and Gunn( £8) have shown that the power of defibrinated
bloo<
to inhibit the growth of or destroy streptococci is dependent upon
• 10
the presence of surviving leucocytes and is roughly proportional to
tho relative numbers of leucocytes present. A minimal umber of leuco-
cytes is necessary for the demonstration of the bactericidal effects,
the bacteria being removed by phagocytosis and then destroyed by intra-
cellular lysis. Jung<29) also showed that the percentage of phago-
cytosis ie a linear function of the concentration of leucocytes.
From the above review of the literature, it can be seen that
any experiments to determine strain variability of Brucella in phago-
cytic tests with normal bloods must be considered with reference te the
relationship between opsonin in the normal serum and the bacterial cell.
PHAGOCYTIC STUDIES.
Ia order to teat for strain variability in the twenty-seven
strains of Brucella, it was planned to sake phagocytic tests on each
train with blood from the human, guinea pig, pig, cow, rabbit, eat,
sheep and domestic fowl. In reviewing the literature there appeared
to be two methods which night apply to this problen. Mackie et. al.< 20)
Incubated aucceaaively decreaalng diluUona of euapenaiona of twenty-one
different organiaas, representing rods, cocci and vibrio feme against
constant amounts of whole blood and serum leucocyte mixtures and plated
out a portion of each tube before incubation, at the end of four hours
and at the end of twenty-four hours. The platea were incubated and ex-
amined for sterility. The opsonic titer was determined by the tube of
lowest dilution from which was obtained a sterile plate. Iron this data
was obtained information on the relative bactericidal action of various
opsonocytophagic mixtures.
Huddleson et. al.fSO), in determining the opeoue-cytophagie
power of blood employed a slightly different method, which is a modifi-
cation of the I*iabman-Weitch( slK 52) technique. In this modification
whole eitrated blood was incubated for one hour at 37° C. with standard
suepeaelone of the Brucella organism, after the incubation period blood
smears were made, stained by Hastings' method, and the baoteria ingested
by twenty-fire leucocytes were counted.
Platonow(M) used a similar technique with the following varia-
tional (l) .5 cc, of blood for the phagocytic mixture was obtained from
the finger tip, (2) after an incubation period of twenty minutes the
- 12 -
tubes of blood were centrifuged to sediment the cells, (5) the
•moor was stained with earbol-gentian riolet, and (4) two to three
hundred leucocytes wore counted.
The technique used by Huddleson and Platonow was selected
to be followed, with slight modification, as it appeared best fitted
for adaption to this particular problem.
In a phagocytic system or mixture it is essential that con-
ditions be established corresponding to the natural state, such as
the absence of clotting in blood, isotonleity and maintenance of body
temperature. To prevent clotting and maintain isotonic conditions,
whole blood in 6 cc. quantities was added to .2 ce. of a 80 per cent
sodium citrate solution in saline in small tost tubes. All bloods
tested were treated in this way so that the concentration of sodium
citrate in all was the same, that is, .8 per cent. According to
Huddlesoa^ 80) the concentration of sodium citrate is important as it
may alter the effect of the opsonin in the serum. Immediately after
taking a sample of blood it was stored in the refrigerator if the test
was not to be carried out immediately. Blood was never takmn for more
than two hours before testing, since the polynuolosr colls in blood dis-
integrate wary rapidly, especially at room temperature.
The blood samples from the smaller animals were obtained dir-
ectly from the heart, from the right jugular vein of the cow, and from
the terminal blood vessel of the tail of the pig. In a similar manner
blood was oollootod from the wing vein of a domestic fowl. From the
human subJset blood was taken from the arm vein with a 20 cc. syringe
j
8 oo, of the blood was than expelled directly into the tube containing
the citrate solution.
* 19 —
In order to make the result* of the investigation significant,
twenty-seven strains of Brucella abortus were collected fren widely
scattered parts of the United ttates and Canada. Most of the strains
were of the bovine type, with a few of the porcine and nelitensls var-
ieties. These cultures were isolated during the years 1914 to 1958.
Eight strains of Brucella abortus were obtained fron the Conn-
ecticut Experiment Station at Starrs. Culture So. 1 was isolated prior
to 1914 by Dr. Bang and So. 2 was isolated fron an aborted fetus in
1922. Cultures So. S and So. 4, of human origin, were isolated by
Dr. Alice Ivans in 1922 and 1926 respectively. Culture So. 5, also
of human origin, was isolated by Dr. A. ?. Hardy. Two more strains,
of the nelitensls Variety, Hob. 6 and 7, of human and caprine origin,
were Isolated in 1925 and 1922. Culture So. 8 was originally isolated
by Dr. 0. W. Connoway of the university of Missouri*
Two cultures, Bo. 9 and So. 10, were sent by Dr. I. r. Huddle-
son of the Michigan State College. Culture So. 9 was isolated from a
cow's udder in 1925, and culture Bo. 10 came from a horse in 1950.
Cultures Bos. 11, 12 and 15 were sent by Dr. w. e. Cotton
of the united States Department of Agriculture, Bureau of Animal Ind-
ustry. These three were isolated from aborted fetal calves in the fall
of 1955.
Dr. Ronald Gwatkin of the Ontario Research Foundation provided
cultures Bos. 14, 16 and 16. Although culture Bo. 14, isolated in
1920, was avirulent for guinea pigs, it was used by Dr. Gwatkin for an
agglutination antigen strain, A recent isolation, culture So. 15,
was found in July, 1955, In the milk of a positive cow that had prev-
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iously aborted. Culture Bo. 16, which was virulent fop guinea pig.,
was isolated from aa aborted fetus in 1985.
Cultures Mos. 17, 18 and 19 were received from Dp. H . L, Oil-
man of the lew York State Veterinary College. Culture Ho. 17 was
isolated from certified allk la California about tea years ago, Mo. 18
was Isolated in 19154 froa the blood of aa undulant fewer patieat, sad
Mo. 19 oaae froa aa aborted bovine fetus in 1986.
Cultures Mos. 20, 21, 22, 28 and 24 were seat by Dr. 0, H. Davis
of the Oaiversity of California. Two of these, Mos. 20 and 25, were
froa aa aborted fetus and the gastre-hepatle lyaph glands respective-
ly, of Duroc Jersey sows. Strains Mos, 21 aad 22 were isolated froa
aborted fetal calves la 1928, aad Mo. 24 was taken froa the testicles
of aa Ayrshire bull.
Dr. F. M. Hadley of the OaivereUy of fisconsia provided cult-
ures Mos, 28, 26 aad 27, Mos. 25 aad 27 had beea isolated in the last
few years froa the stoaaeh contents of aborted fetal calves, while
Mo, 26, a porcine strain, had been in the stock culture collection for
a number of years.
The bacterial suspensions were prepared by reaoving the growth
froa a forty-eight-hour liver agar slant with 5 oc. of physiological
saline, care being taken not to dislodge any of the agar. The suspen-
sions were shaken by machine for thirty minutes to break up clumps aad
thea standardised by comparing with a McFarlsadt 5*) turbidity standard
scale. The turbidity was adjusted to 2.0 la the McFarland series.
15 .
The following procedure was carried out to determine the
relative phagocytic properties of the twenty-seven strain* of Bru-
cella. Into each of twenty-seven small teat tubes in a copper rack
was added two drops of the blood to be tooted. The Brucella suspen-
sion* were added to their respective tubes la two drop quantities
with standard 1 cc. serological pipettes, a separate pipette being
used for each suspension. Thus, each tube contained
.1 cc. of blood
and .1 cc, of bacterial suspension. The phagocytic system for each
blood to be tooted was sot up in the following manneri a series of
tests for any one particular day included one human blood for control
and one or sometimes two bloods from the lower animals.
The tubes were well shaken to get an even distribution of
bacterial suspension and blood and incubated in a 87° C. water bath
for one hour, during which tine the tubes wore not agitated. At the
end of the incubation period the tubes wore removed from the water
bath, care being taken to avoid mixing the sodimontod cells. If for
any reason the blood smears could not be made Immediately the tabes
were refrigerated to inhibit further phagocytic activity so that all
tests would be comparable,
A finely drawn capillary pipette with a rubber bulb was used
to withdraw the sedimented blood cells from the tost tube and a small
drop of those cells was sufficient to make a good smear. It was de-
sirable to have the smear terminate near the center of the slide to
facilitate counting, since the greatest number of leucocytes wore
found at the termination of the smear. To prevent shrinking of the
leucocytes it was necessary for the smears to dry quickly. By warming
the slides on an electric pad before smearing it was found possible to
- 16 -
obtain rapid drying. Huddleson et. al.W have placed smears in
a warn current of air, but the technique used here proved to be simple
and effective. «
the nwwi were stained by Hastings' method for thirty seconds
with the dye and three to four minutes with the distilled water dil-
utant, Hastings' stain proved to be ideal for staining ingested
bacteria since they took on a decidedly basophilic appearance in the
leucocytes which was not easily mistaken for cytoplasmic granules.
In examining the smears for ingested bacteria only polymorpho-
nuclear neutrephilee were considered. The basophilee and eosinophiles,
as far as could be determined in the smears, apparently have little, if
any, part in the phenomenon of phagocytosis and large lymphocytes will
Ingest bacteria only to a very slight degree. Huddlesan(30), Meyer(85)
and others have used this method of counting bacteria ingested by poly-
morphonuclear cells in estimating the opsonocytophagic power of bloods
in Brucella infection. Twenty-five leucocytes were examined for ingested
bacteria as the leucocytes appeared in consecutive microscopic fields.
All leucocytes showing protoplasmic or sell wall disintegration were not
examined because it was impossible to determine under such conditions
which bacteria had been ingested and which had not.
In view of the fact that it had been planned to compare the
amount of phagocytosis of each strain "in vitro", an arithmetical mean
of the number of bacteria ingested by twenty-five leucocytes on each
smear furnished an index number to compare with other bloods and with
the other twenty-six cultures of Brucella.
- 17 -
Hydrogen-ion concentration of the phagocytic system, partial
clotting of blood, varying length of time of taking blood aanplaa and
addition of organisms, length of incubation period, slight variation*
in staining technique, and differences in physical properties of cello
and serum that adght exist due to external conditions are factors that
ay affect the apparent nunbar of bacteria engulfed by leucocytes.
To make allowance for any variations in counts that night
hare been affected by any of the factors previously mentioned and to
establish a true relationship between low and high counts in leuco-
cytes of the ease species, the standard deviation from the mean for
each of the arithmetical Beans was conputed and the coefficient of
variation was also determined for each sneer*
The standard deviation gives a greater weight to large devia-
tions than a were averaging of deviations and is detemined by the
following fomulat /
The coefficient of variation is the ratio between the standard
deviation and the aean.
After consideration of all results of the leucocyte-bacterial
counts it was assumed that conditions were well aet for the phagocytic
studies here investigated, providing the coefficient of variation waa
no greater than .5, The coefficient of variation was not determined
for counts on any bloods other than human because the means with the
animal leucocytes were usually very close to aero.
*2 i sum of squares of individual delations
.
8 = number of items used in computing mean.
I
— 18 —
In counting ingested bacteria, it was at tines impossible
to count accurately, especially with human blood because the bact-
eria wore packed so closely together in the cells. Under these cir-
cumstances a leucocyte was designated as "narked" and the mean for
the smear was determined on as many of the twenty-fire leucocytes
as could bo counted. If the moan wore 70, for example, it was
recorded as 170 In the table and the annotation would Indicate that
actually the moan should hare been greater than 70.
- 19
PHAGOCYTIC STUDIES.
In phagocytic tests of the nature carried out In this series
of experiments consideration oust be given to the relative opsonic
sad bacteriotropic content of the blood serum of the test animals.
sad Hektoen( 56) have shorn that leucocytes of individuals
convalescing from or actively infected with streptococci sad pneumo-
cocci are able to ingest those two organisms to a greater extent than
leucocytes from normal individuals. Huddleson et. al.( so ) working
along similar lines have found that during infection the patient's
leucocytes fail to ingest the Brucella organism, but as convalescence
begins, the phagocytic powers increase.
Hie cow and the pig used for blood samples in these experiments
were known to be free from say traces of Brucella infection and it was
probable that none of the other animals tested, with the exception of
the human control, had any previous history of contact or infection
with Brucella. This was further borne out from our results in which
none of the bloods of the lower animals were able to phagocytic
Brucella *ln vitro* to any great extent. According to Huddleson et. al.C 50)
a low or negative phagocytic test is strongly indicative of susceptibility
to or infection with Brucella* It would be impossible from the results
reported here to draw say conclusions regarding the immunity or sus-
ceptibility of the test animals to Brucella, especially when certain
Of the animals, such as the domestic fowl and eat, have seldom, if ever,
been known to have had the disease. However, it is probable that only
the normal opsonins for any one particular species were present in the
• 20 -
•rum of the test animals. If bacteriotropins had been established
by contact with Brucella, a higher degree of phagocytosis undoubtedly
would hare appeared in the results.
In building the phagocytic system, great care was taken to
make all the conditions uniform with the twenty-seven test suspensions
against a single blood, except any variations that night exist between
the different strains of Brucella, this uniformity was established byi
(1) each of the twenty-seven tubes in a test contained two drops of
wall mixed blood from the same sample and (2) into each tube was added
two drops of bacterial suspension, all of which were made up to the
same nephelomoter standard. Thus it can be seen that the volumes of
blood (serum and cells) and bacterial suspensions were the same for
all twenty-seven tests, the numbers of leucocytes end bacteria were
also approximately equal and the only difference among the twenty-seven
tests was that each contained organisms from a different culture.
The only reason for any variation in the number of bacteria
phagoeytised would be then the result of variation in the opsonization
of bacteria. The results of the experiments indicate that there warn
a marked variation in certain of the twenty-seven strains in the de-
gree of phagocytosis. The amount of phagocytosis was slight with all
leucocytes tested. Certain strains with each animal's blood tested
recurrently yielded to the phagocytic action of the leucocytes, indi-
cating that these strains were much more easily opsonized.
By reference to Charts 1, 2, S, 6, and 8 and Table 2, it may
be seen that cultures Bos. 7 and 20 were consistently phagoeytised to
a much greater extent than were any of the other strains. Cultures
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Hos. 6, 25, 26, and 27 also appeared to be sore susceptible to in-
gestion then most of the cultures, although the results with these
four are not as consistent as with strains 80s. 7 and 20.
Many of the twenty-seven cultures, however, resisted phago-
cytosis by the leucocytes of the animals tested in these experiments,
A possible explanation of this strain variation noted above
is that certain strains of Brucella nay possess different physico-
chemical properties which render then more easily phagocytised than
other strains. nudd et. al.( 6) explained phagocytosis on a purely
physico-chemical basis in which the coheslveness, surface potential
differences, and wetting properties of a bacterial cell were altered
by the action of opsonin in the serum which sensitises the bacterium.
Apparently those cultures of the twenty-seven that were phagocytised
readily were easily sensitised by the opsonin in the normal serum.
It «ust be kept in mind that these results were obtained using
one animal of each species and that other animals or a group of animals
from the same species might have given much different results. If
la addition to normal opsonins these test animals had also had bactsr-
lotropins for Brucella in their serum the results also might have been
different.
It is well known that certain chemical substances (Tunnieliff^24
Hamburger ( 25» Bodkin(ze), Hektoen and Rnediger^8)) affeet the process
of phagocytosis. Of the two chemical substances added to the phagocytic
system, Bad is present normally in the whole blood, but the sodium
citrate is a foreign substance which in some concentrations inhibits
phagocytosis.
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To avoid this inhibition of phagocytosis by sodium citrate,
Veasie and Beyer(57) used heparin as an anticoagulant In determining
phagocytic Indices on cattle and goats with Bruoella. Higher indices
wore obtained when heparin was used than when sodiua citrate was used
and they recommend testing bloods in duplicate using heparin and sod-
iua citrate as checks on each other. They do not state how many
strains wars tested with this method, but presumably only one. The
use of heparin would hare made an interesting addition to this problem,
but Veasie and Meyer's report doss not invalidate the results in the
present work, because hers all bloods and organisms were subjected to
a standard quantity of sodium citrate to maintain uniform conditions
throughout*
Huddleson (50)believes that the concentration of sodium
citrate which Inhibits phagocytosis varies with different species of
animals. In the results of these experiments it was found that the
leucocytes of the domestic fowl would not phagoeytise any of the cult-
ures of Brucella. The sheep's leucocytes tested gars slight phagocy-
tosis, but there were no indications of marked phagocytosis with
cultures los* 7 and 20 as there were with the other animal bloods.
It may be that the .80 concentration of sodium citrate was enough to
interfere with phagocytosis In the white cells of the fowl and sheep,
but not with the leucocytes from the other animals.
In Plates 1 and 2 are photomicrographs showing the polymorpho-
nueleated leucocytes with Ingested bacteria. These particular fields
were chosen for photographing because they represented typical pictures
of the phagocytosis seen in examining slides and counting leucocytes.
Plate 1.
Cow's Leucocytes
Low Phagocytic Activity
Plate 2.
Human Leucocytes
Marked Phagocytic Activity
Human Leucocytes
Low Phagocytic Activity
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In Plate 1 My be seen leucocytes of the eat in which there
axe several bacteria in three of the leucocytes and none in the fourth.
The eow*s leucocytes also exhibit low phagocytic activity, there being
a few organisms in the two leucocytes la the canter of the field while
in the others no bacteria have been ingested*
In Plate 2 are photomicrographs of human leucocytes from the
same subject showing both low and marked phagocytic activity *
All twenty-seven strains yielded to the action of the human
leucocytes used for control blood, as can be seen in Table 2 and
Charts 2, 5, 4, 5, 6, 7, 8 and 9. The leucocyte-bacterial counts ranged
from very slight, such as eleven bacteria per leucocyte up to as high
as seventy or eighty. On any one particular day the different strains
showed considerable variation in the relative number of bacteria phage-
cytlsed, but the variations did not correlate with the results of other
days. For example, on December 25 strain So. 19 was phagocytimed
greater than any other strain, while on November £0 strains Mas. 10
and 25 underwent the greatest phagocytosis. On December 25, culture
Mo. 10 was phagocytiaed the least of any of the twenty-seven strains
and Ko. 25 was only slightly higher.
In spite of fluctuations in the phagocytic power the human blood
provided a good control for phagocytosis experiments of the nature
carried out here, as it always gave good phagocytosis against any one
particular strain, even though the animal blood failed to phagooytise
the strain* If, instead of human blood, some other had been used, such
as rabbit's blood, it would have been impossible from the results to
know whether the phagocytic powers actually were low or whether seme
- 24 -
external influence was causing an Inhibition of phagocytosis. Sup-
pose, as oa December 1, the leucocytes of the cat and guinea pig had
been tested for phagocytic powers. Kith certain of the cultures,
Bos. 14 and IS for example, phagocytosis was slight with both cat and
guinea pig) if the guinea pig 1 8 leucocytes had been the control the
results would have been meaningless since it would hare been impossi-
ble te say definitely that there was only a slight phagocytic reaction.
There might have been an artifact present in both control and test
which had inhibited the ingestion of bacteria by leucocytes. On the
other hand, had a control been used which gave good phagocytosis, such
as the present one, the results would indicate definitely that the test
animal's leucocytes were incapable of phagocytising Brucella.
It is probable that the reason the human leucocytes phage**
eytlsed Brucella was that there were bacteriotropins for Brucella in
the blood as well as the normal opsonins* Ruddleson^ 30) found that
the leucocytes of individuals who had had no history of contact with
Brucella were incapable of ingesting that organism.
Usually after working with Brucella for some months, an opsono-
cytophagic test of such individual's blood showed heavy ingestion of the
organism* He also found that the serum in such eases developed the
power of agglutinating Brucella antigen. The subject used for human
blood samples in these experiments, after working with Brucella for
six to eight months, was found to have a serum agglutinating titer of
l/LOO or better. Ifudd et. sl.W have shown phagocytosis and agglutina-
tion to be related phenomena, that is, both are the result of deposition
by the serum of sensitising substance upon the bacterial cell. They
25 #
suggest that these two say be developed in the animal body aimultan-
eoualy. The work of Huddleaon, Mudd and others offers a possible ex-
planation of the marked phagocytosis "in vitro" obtained with the
human control leucocyte as being the result of the sensitising action
of baetoriotropins upon Brucella*
There appears to be a definite trend toward strain variation
in the twenty-seven cultures of Brucella studied in the relative east
or difficulty with which they are phagocytisod by leucocytes of a
single animal. These results were further established when similar
experiments with leucocytes from animals of other species showed a
positive correlation.
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MSUCOCIDIH STUDIES.
U&M SL Literature.
V<m Aw « early a8 1894, found a substance pres-
et la sterile broth filtrates of staphylococci cultures which was
toxic to the leucocytes of rabbits. Van der folds named this sub.
stance leucocidin and since then It has been found to be produced by
streptococci and pneuaococci.
HakayamaW demonstrated leueocldln in broth filtrates of
streptococci cultures using stained near preparations and also by
examining suspensions of the leucocytes nixed with the filtrate on a
microscopic warm stage. He found that the greatest toxicity exists
between ten and twenty-four hours and that the toxin was not thermo-
labile above W© - 60<> 0
., but it remained viable at 0© C. for two
weeks and could act upon leucocytes at refrigerator temperature. He
found that some, but not all, serums had antileueocidal power.
Using slightly different techniques, DoldW, PaimeW,
EvansW, day and 0ram(5) and Oram(4) hare all found leueocldln in
the filtrates of broth cultures of streptococci. There is some dis-
agreement, however, as to the properties of the leucocidin. The fil-
trates experimented with by Dold were not only toxic to leucocytes
but also to tissues such as the liver, spleen, kidney, heart, and to
whole organs such as the heart of a mouse. He was unable to establish
any relationship between leucocidin production and virulence.
Palne(*0) f as a result of his experiments, suggested that the
type-specific acid-soluble H protein substance might be the leucocidin.
He found that the type-specific acid-soluble M protein obtained from
- 27 -
MM Tarianta of hemolytic streptococci exhibited a narked inhibi-
tory effect upon th. motility of leucocytes. This effect could be
neutralised by admixture, bafwe assure of the leucocytes of Immune
serum. Thie immune serum wee found to give a positive precipitin re-
action with solution* of the M protein and alao contained bacterio-
tropin, for the hemolytic streptococci fro* which the H protein was
prepared.
forking with the filtrate* from cultures of Streptococcus
scarlatinas, Swans was able to demonstrate leucoeidin which rendered
leucocytes incapable of reducing methylene blue. She established the
following facts about the substance, (1) the leucoeidin was therno-
table for one hour at 56« C, but theraolabile at 76° - 8S° C. for
one houri (2) immune serum would not neutralise the leucocidinf and
(3) the leucoeidin was aot identical with hemolysin.
Gay and QremC5) found that a strain of Streptococcus pyogenes,
whose riruleace was maintained by passage through susceptible rabbits,
produced the leucocidic substanee. Their results tended to show that
the mononuclear cells (clasmatocytes) of the susceptible rabbit ware
almost completely resistant to streptococcus leucoeidin as contrasted
with polymorphonuclear cells from the sane animal which were completely
destroyed. They concluded that the leucoeidin was thermostable at 70° C.
for one hour, not toxic to rabbits when injected intrawenously, and
the toxicity was the general action of a single substance rather then
the action of a series of specific eytocidias*
In an earlier paper, Gay and 0ram<«8> found that leucoeidin
was separate from hemotoxia, that its production continued to increase
in cultures up to forty-eight hours incubation and that it was re-
sistant to a temperature of 66° c. for one hour.
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Pike(4*) found in staphylococci filtrates • substance that
axerted a depressing effeet on phagocytosis "in vitro*. The staph-
ylococci were grow on beef heart infusion agar slant, for twenty-
four hours, the growth washed off with 2 ml. of saline and the sus-
pension filtered. A portion of toe filtrate was introduced into a
Phagocytic mixture and the phagocytic index determined. Pike con-
cluded that this depressant was not an exotoxin, hence not a leuco-
oidia, although like leucocidins, its production was noted by both
virulent and
.virulent strains. It was not known whether the depress-
ant acted upon the leucocyte, bacteria, or opsonin, but it was sug-
gested that it nay have been adsorbed on the surface of the leucocyte
thereby affecting its physical state or acting as an anti-eheniotaetie
substance. E. coll also produced a similar phagocytosis depressing
substance.
0ran(4) in a more recent paper reported a series of experi-
ments in which leueocidin was produced by virulent and
.virulent
strains of pneunoeocous, types I, II and III, in both aerobic and
anaerobic cultures. As with streptococcus, the pneunoeocous leueo-
cidin was able to withstand a temperature of 70° C. for one hour.
Evaporation in a vacuum at 5° 0. did not deteriorate it, but it was
aasily oxldimable and lost its strength in a few days, although sealed
off from the air. A peroxide formed In aerobic cultures appeared to
weaken the toxin formed.
Dennis^44) has gone further than most of the present investi-
gations by working with the organisms in the animal body. He concluded
thati pyogenic organisms, under conditions stimulating a local infection,
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UOTCOCIDIH STUDIES.
There are numerous methods to bo found In the literature of
testing for leucocidln. Kaadlba and gadowskl*45) filtered a broth
culture of streptococci and Introduced a portion of the filtrate
lato a phagocytic mixture, after making and ctainlng a blood ameer,
the cells were examined tauter the microscope for any deleterious
effects that the leucocidln might hare had on the process of phago-
cytosis,
PikeUS) also used a similar method when he inTostigatod a
"phagocytosis depressant" elaborated by staphylococci and E. coli.
He grew the organisms on agar slants, washed the growth off with
2 ml, of saline and then filtered the saline. The filtrate which
contained the toxin was added to the phagocytic system.
Palne(*°) and HakayamaW used a similar technique in which
the culture filtrates were mixed with leucocytie suspensions and then
examined upon a warm stage microscope for changes in motility of leuco-
cytes.
Neissor and Wechsberg(*e) devised a technique which is readily
adaptable to leucocidln studios and has been used by Dold( 59),
Bvans(41), Gay and 0ram(5) and 0raa(4). it is well known that living
cells reduce methylene blue, whereas dead cells fail in this regard.
The reducing power of the living cell may be in part at least due to
the presence of glutathione, since washed fresh tissue fails to re-
duce the dye unless glutathione be added (Hopkins and Dixon( 47)).
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Th. glutathione take, up hydrogen from aoae
.ub.tano. In the ti.au.
and transfers it to th. methylene blue, thu. producing th. leuooba...
Thi. •applanation, however, fail, to .count for th. loss of reduction
power of dead ti.«. compared with liring, ti.su. killed by heat
nu.t, apparently, fail to reduo. not through lack of glutathione whieh
18 themo*tabl#
'
but th«~^ destruction of enW. which normally in
•one manner rendu* hydrogen
..liable.
lel.ser and Wwh.bergU«) suggested the use of this bioscopic
wthod for testing the lethal effect of various substances on leuco-
cytes sad other tissues and particularly as . means of testing for
the presence of leucocidin.
The bioscopic method was selected for the present work, be-
cu#e it was readily adaptable to this problem, which inwolwed the test-
lag of large number, of fUtrates upon the same day.
In this law.iUg.tion, one of the most difficult of the tech-
nical problem, was obtaining quantities of leucocytes. The leucocytes
were away, employed in a twenty per cent suspension and the ideal
leucocyte suspension was one in which there were no erythrocytes.
Therefore, the question arose, could a method be used involving centri-
fuging of quaatitie. of blood from many different animals or would it
be better to stimulate the mobilisation of leucocytes by inoculations
of an irritant material into the pleural or abdominal cavityt In re-
viewing the literature it was noted that Bidre.(48 > obtained . fairly
large quantity of whit. cell, by using a specially constructed appara-
tus, permitting collection of the leucocyte, from whole blood and
forcing them into a graduated constricted tube by centrifuging, using
sodium oxalate at the anticoagulant. By such a n.thod, a separate
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rabbit would bo required for the ,tudy of onch Brucella filtrate
«nd thiB would be impractical for ouch an extensive study a. the
present on.. Hanau.ek<*9> obtained leucocyte* i* falrly larg#^
tltioo by a a.thod placed primarily to procure leucocytes In which
the phagocytic power was not destroyed. Thia method «* not
able to this investigation because of the very large quantities of
blood required, and then, too, it could not be applied to this pro-
mm with so aaay cultures to be studied on account of the time
needed for the detailed technique involved.
«ay and Qra*<5) in their investigations on streptococcus
Uueecldias utilized leucocytes obtained from the pleural cavity of
rabbits. Shis technique required that each rabbit injected Ut
leucocyte stimulation must be killed and the pleural exudate removed.
The exudate contained a high percentage of polynuclear leucocytes,
these authors used similar methods for obtaining exudate, containing
leucocytes from the dog and guinea pig. This technique, also, would
not hare provided enough leucocyte, for the present work. Mudd et. al.<6>
by a special technique obtained leucocyte, by introducing saline-broth
or preferably a weak one per cent aleuronat-.tarch
.olution into the
peritoneal cavity. 200 cc. of the solution was injected into the
cavity of a rabbit In the afternoon and 100 cc. on the following morn-
lng| three hours later from 60-160 cc. was withdrawn from the cavity
by aspiration. This method is economical since a rabbit may be used
repeatedly. This technique, after consideration and some preliminary
testing, was adopted as being best suited for the search for leueo-
cldin in filtrates of Brucella.
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By rarylng the volumes and concentrations, it nag determined
that a good yield of leucocyte, could be obtained by uaing a 200 ce.
inoculum of a sterile three per cent tarch^euronat>-gwMrabie
solution in .aline. This 200 cc. quantity was inoculated on the
•ening before the teat was to be carried out. A Ho. 15 needle was
used and the material was forced into the carity by air pressure.
Aleurenat is not wary soltfrte and the solution was thoroughly shaken
to break olunpa which night clog the bore of the needle.
On the following morning the material was aspirated from the
peritoneal carity into a Blake bottle containing 20-25 cc. of 1.5 per
cent sodium citrate in saline to prevent clotting of the fluid.
Although no mention of it could be found in the literature,
great difficulty was experienced in aspirating the fluid from the
peritoneal carity. Frequently the wall of the intestine would be
drawn against the bowel of the needle when aspiration was begun and
no fluid could be obtained. The fluid was distributed throughout
the carity and any attempt to probe with the needle always enhanced
the chances of puncturing the intestinal wall and of obtaining an
admixture of red sells.
More than half of the leueocidln tests had been made when
the aspiration method was abandoned as being too cumbersome and un-
predictable as regards the assurance of getting sufficient quantity
of leucocytes with which to work. Between fifteen and twenty-fire
rabbits had been used up to this time to supply leucocytes. It was
found necessary to Inoculate several extra rabbits for each series
of testa to be sure of baring enough leucocytes. Eren then, it was
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sometimes neceeeary to poetpone M.o of the toot, because of insuff-
icient quantities of material. In addition to thia difficulty, it
*»• found that after four or fire inoculationa the rabbita became
ill and died. Whether death was due to the continual draining of
leucccytea fro. the blood stream or to eon. other eauae ie not known,
however, it ia probable that some died from the reeulte of inteatinal
puncture. In view of theae two difficultiee, mentioned above, it
was deeided to change the method of withdrawing fluid to a aodifi-
eation of a technique uaed by lakayamaW. He obtained leueocytee
fro. the pleural canty by injection, aa has been done in thia experi-
.ent (into the peritonei*.), bleeding the animal to death on the foll-
owing Borning, opening the pleural cavity and a large quantity of
red-cell-free exudate waa washed out. day and Oram(3) aleo found
thia technique aatiafactory for obtaining experimental leucocytes
for streptococcus leucocidin studies. The modified procedure uaed
i. the present experiment was identical with the original method with
reapeot to the inoculum and injection, but instead of aspirating the
fluid from the cavity, the animal waa killed by injecting 20-50 oc.
of air into the ear wain, the peritoneal cavity opened up, and the
fluid waa collected fro. between the folda of the intestines into
Blake bottles. Injection of air into the rabbit resulted In death
fro. fibrillation and enabled withdrawal of fluid containing normal
leucocytes. It was thought possible that if an anaesthetic had been
used there might have been an effect upon the chemical or biological
properties of the leucocytes. This second technique was more success-
ful than the first one enployed, because it gave a maximum yield of
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160-200 co. of fluid, the leucocytes were such cleaner, free froa
rod coll. and debri., and, although It meant tho
..orifice of a
rabbit, it was possible for the ©porator to bo sure of obtaining
sufficient quantities of leucocytes for tho test.
The fluid, as obtained froa the rabbit* s peritoneal cavity,
was eentrifuged, mashed once with liver broth of pB 7.4, and than
re-suspended In the liver broth in a twenty per cent suspension,
tho concentration used in the actual test. The speed of the centri-
fuge was 1800 R.P.K. for a ten minute period, which enabled the cell,
to be packed without being destroyed. A twenty per cent suspension
prepared by this procedure was found to contain about two nillion
white blood cells per cubic millimeter. The reaction of the liver
broth was adjusted to a pH of 7.4 in order to clo.ely approximate
body conditions.
The Brucella cultures were grown in an isotonic liver broth
with the reaction adjusted to a pfl 6.6. The liver broth was made up
froa fresh beef liver in saline without peptone, a Bonification of
the aediua recommended by Httddle.oa(60)
. Gay and 0ra*( 5) state that
peptone is sometimes toxic to leucocytes. The liver broth for sus-
pension of the leucocytes was the Mao as that used for growing the
cultnro. except for the pfi adjustment, although, as can be seen froa
Chart 10 and Table 3, the two different liver broths required two
sets of control, instead of one.
The forty-eight-hour liver broth cultures of Brucella wore
filtered through sterile Seit. filters, using a Ho. 5 pad, to free
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the culture from bacterial cell.. 10 ce. of culture was filtered,
thu* insuring recovery of at lea.t 4 cc. of filtrate, the amount re-
quired for the teat.
Since the teat for determination of leucocldin depends upon
the ability of the leucocyte* to reduce methylene blue, it was nec-
essary to titrate the louoocytio suspension to determine the mini-
hub amount of suspension that would reduce on* drop of methylene blue
to the leucobace. The methylene blue is used as a sterile
.1 per
cent solution in distilled water. It is important to use the medic-
inally pure product as standard methylene blue for dyestuffs may eon-
tain ZnClg which is toxic to living cells.
The titration was carried out by incubating a series of fif-
teen tubes containing from
.1 cc. to 1.5 cc. of leucocytic suspension,
brought to uniform volume with on* drop of methylene blue for two to
three hours. After several trials it was found that 1 cc. of a twenty
per cent suspension would reduce one drop of methylene blue in two to
three hours, and this volume was used in all the tests. Sometimes it
was possible to get reduction as soon as one hour after the methylene
blue was added, but It was never possible to get complete reduction
with less than 1 cc. of leucocyte*
,
In Chart 10 may be seen the protocol of arrangement of tubes
In a serological rack for the detection of leucocldin by the methylene
blue reduction tests. Tubes 1, 2, 5, and 4 represented the tests and
the remaining tubes wer* controls. Each of these first four tube*
contained 2 cc. of filtrate from a liver broth culture of Brucella,
and 1 ec. of leucocyte suspension, Tubes 9, 10, 11, end 12 contained
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2 cc, of the filtrate* corresponding to those in tabes 1, 2, 5, and
4 respectively, to make sure that the sterile filtrates would not re-
duce methylene bine.
m tube 5 was l ec. of leucocytle suspension and 2 cc. of fil-
trate from a broth culture of Streptococcus pyogenes (H) which was the
strain used by Gay and Oram in their work with streptococcus leuco-
cldln.
This streptococcus culture had been known to produce leuco-
cldin in broth culture in 1968, but had not been tested recently until
used in these experiments. It was grown in an isotonic nutrient broth
adjusted to a pH 7.4. Gay and Oran( 8) recommended growing in a neat
infusion broth as peptone was sometimes toxic to leucocytes, io toxic
effect was noticed upon the leucocytes, in these experiments, from the
nutrient broth which contained .5 per cent peptone.
Tube lo* 18 was a control on the filtrate of the streptococcus
culture, similar to controls 9, 10, U, and 12.
Tube Ho. 6 was a control on the living leucocytes, No. 7 on
leucocytes killed by heating at 66° C. for one hour, and tube So. 8
controlled the sterile liver broth. The difference between tabes
See. 6, 7 and 8 and tubes Bos. 14, 18 and 16 was that the reaction
of the liver broth in the first group was pH 6.6, while the reaction
of liver broth in tubes tos, 14, 18 and 16 was pH 7.4. Duplication
of controls was necessary because the leucocytes were suspended in
broth of pH 7.4, while the Brucella organism was grown in broth of
pH 6.6.
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Tube. Voi. 17 and 18 were control, on the nutrient broth uced for
growing the Streptococcic cultures.
After addition of all the reagents as indicated in Chart 10,
with the exception of Methylene blue, the tubes were incubated at
87° 0. for one hour. Tube Ho. 7 wae kept in a 56° <j. water bath for
the incubation period. The tubes wore incubated on their aide after
being stoppered with paraffined stoppers, thus allowing a nsatiiBBi
nunber of leucocytes to cone in contact with the filtrates.
After one hour's incubation one drop of a .1 per cent aqueous
•ethylene blue (medicinally pure) solution was added to each tube.
The tabes were then resteppered, the contents thoroughly mixed and the
tubes placed on their sides again to incubate for two to throw hours.
At the end of the second incubation period the tubes wore ex-
amined for ethylene blue reduction and recorded as one, two, throe,
or four plus according to the amount of reduction.
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tBUCOCIDIH STUDIES.
Mjfflgflgn.
In testing the filtrate* for leueocidin it wee neceeeary to
hare eeatrole on the sterile filtrate, the broth used for growing
the organism, the broth for suspending the leucocytes, and the killed
leucocytes. If any of those alone had reduced the methylene blue
the question would have arisen: was the methylene blue In the tubes
containing living leucocytes reduced by the leucocytes or by the
same artifact that caused reduction in the control?
By referring to Chart 10 and Table 3, it nay be seen that
the methylene blue in control tubes Bos. 6, 14 and 17 should have
been reduced because each contained living leucocytes, but the
nethylene blue in tabes Bes. 7, 0, 9, 10, 11, 18, 15, IS, 16 and IS
should not have been decolorised since there were no living cells
present.
Due to the time required for filtering, no more then four
cultures could be handled with ease at one time, hence it was nec-
essary to have a new set of controls for each four cultures. For
the most part, the controls reacted as expected, indicating that
any reduction of the methylene blue was due to the living leucocytes)
and failure of reduction, that there were no other substances pres-
ent in the system that might have reduced the methylene blue*
It may be seen from Table 8 that on February 26 the sterile
filtrates of cultures SI, 88, 88 and 84 reduced methylene blue) there
are also several instances where the sterile broth reduced the
methylene blue, as in control tube Mo. 18 of tests Bos. 9, 10, 11 and
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12. It is known that all living cells, Including bacteria, contain
glutathione, and it Bay be that some multiplication of bacteria,
while the taste were incubating, resulted in the reduction of methylene
blue* Although the broth, filtrates* leucocytes, and pipettes wore
sterile* there undoubtedly were bacteria in the tubes used. The para-
ffined stoppers end test tubes wore washed and dried prior to using,
but not sterilised. Very little literature en the subject of spontan-
eous reduction of methylene blue in controls used in leucocidin studios
can be found. Gay and Oran^ 5) noted that certain lets of sterile broth
produced spontaneous decolorisation when first tried out and would hare
to be discarded, but could not offer any explanation of the phenomenon.
The author suggests the possibility of the unexpected reduction of
methylene blue in controls as being due to bacterial colls* Another
possible cause would be the presence of some extraneous natter In the
tube which might have acted as a reducing agent for the methylene blue.
The control on living leucocytes, tube Ho. 6, tests Hoe. 1* 2* 5, and
4 on February 26, failed to show reduction, even though the tests did
reduce the methylene blue. It was observed during the reading of the
tests that it was easy to re-oxidise the methylene blue after it had
once been reduced, A test showing complete reduction in a tube lying
on its side would be turned blue* by the small amount of air in the
tube, after being brought to the vertical position. Slight shaking of
the tost tube would completely reexidiso the methylene blue* It may
be seen that with s system as sensitive as this, controls may have
been reoxidised after being once colorless as the result of air enter-
ing the tube through a loosely fitting stopper or by some external
influence jarring the table upon which the tests wore Incubating.
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The reagents In tubes Nos. 6 and 14 were identical with the
exception of the pH of the liver broth as may be seen in Chart 10.
It was originally planned to carry these duplicate controls because
It was thought that liver broth of pH 6,6 might have been acid enough
to interfere with the ability of the leucocytes to reduce methylene
blue. By comparing the results for all tests,, however, it may be
seen that the leucocytes in the duplicate control tubes reduced the
methylene blue equally well. If the methylene blue in tube Ho. 6 had
regularly failed to be decolorised and the methylene blue in the act-
ual tests had also remained unchanged, the complicating factor of
acidity would have had to be considered. Also, had the tests failed
to reduce methylene blue and had tube Ho. 6 reduced the dye, acidity
as a factor might well have boon disregarded.
Four separate filtrates of each of the twenty-seven cultures
of Brucella wore tested. It had originally been planned to do this
in four blocks of twenty-seven different filtrates, but due to the
difficulty encountered in obtaining large quantities of leucocytes
this plan was abandoned and on any one day the number of filtrates
tested depended upon the quantity of leucocytes available. This
number varied from four to twenty filtrates. Testing a block of
twenty-seven filtrates on one day would have been ideal, as the con-
ditions would have been more uniform than when the block was split
up into smaller groups, but since our results on all days wore almost
identical, the conditions established on the several different days
of testing must have been nearly uniform.
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la SB attempt to make a definite control with a culture known
to be a leuoocidin producer, the culture filtrate of Streptococcus
pyogenes (H) was tested for leucoctdia along with the Brucella fil-
trates (tubes Bos. B and IS). Streptococcus pyogenes (H) had been
used by Gay sad Qr**( s) in their studies, reported in 1933, on strep-
tococcus leucocidln. A report accompanying the culture when received
at this laboratory stated that the organism had not been tested re-
cently for leuoocidia production, from the results of the tests made
it could not be said that the streptococcus filtrate destroyed the
leucocytes completely. However, a definite inhibitory action was
noticed, that is, the tubes containing the streptococcus filtrate
were frequently slower in reducing power than those containing the
Brucella filtrates* Evidence of this Inhibitory action can be seen
in Table S ia control tube Bo. 9 for cultures Bos. 21, 22, 25, 24, 25,
26, and 27 for March 22.
For the most part all of the actual tests showed complete re-
duction of the methylene blue. Occasionally, as in cultures Boo. 5,
6, 18, and 16, there were tests in which the methylene blue was re-
duced very little, but most of the tests show the trend to be in the
opposite direction, so that those few tests resulting ia failure of
reduction of methylene blue were considered practically negligible.
Under the conditions established for the search for leucocidln produc-
tion by Brucella, there was at no time any indication from our results
with the Belsser-Wechsberg bioscopio technique that Brucella was pro*
duoing in liver broth cultures any substance which was toxic to leuco-
cytes.
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This problem has had to do primarily with tho act of in-
gestion by leucocytes of various strains of Brucella abortus.
Hothing has been studied concerning the fate of the Ingested part-
icles. Unquestionably the phagocytosis-promoting substances in
serum as shown by the leucocytes from the human subject used in
these experiments is a case in point. The reader will recall
that all the cultures of Brucella abortus were readily phagocytised
by the human leucocytes and that this, as further substantiated by
a positive agglutination test, indicated the presence of bacterio-
troplns In the blood serum. Had it not been for the faet that the
subject furnishing the leucocytes had an established immunity with
the specific bacterlotropias for Brucella it would have been diff-
icult to classify data from which to make comparisons and estimates
of possible potentialities between the various Brucella abortus
strains and leucocytes from man and the lower animals. The more
one inspects the tables and charts, the more one is convinced that
the all important factor missing in the animal bloods studied for
this investigation was the specific bacteriotropins. Although this
is true, it can readily be seen In some instances with the rabbit,
oat and guinea pig the relationship between leucocytes, bacterial
cells and opsonins was so established, particularly with strains
Bos. 7 and SO that these cultures were phagocytised to a much greater
degree than most of the cultures. These variations, as has been
shown in the description of experimental work, must be due to diff-
erences in opsonization of the bacterial cell. These in turn depend
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upon the particular physico-chemical alliance between opsonins in
the serum and the Brucella organisms from cultures Bos. 7 and 20.
Evidently there is something about the surface of the bacteria from
these two cultures that is different from the other twenty-fire
cultures of Brucella,
One reason for the continued interest in leucocldin studies
in connection with streptococci, staphylococci and pneumococci is that
if these organisms during infection produce substances toxic to
leucocytes the possibilities of ingestion *in riro" of the invaders
becomes increasingly difficult.
Huddlesont 50 ) noted that during infection with Brucella
abortus phagocytosis by the patient's white cells in the "in vitro"
opsonocytophagic reaction is practically negative. If coccus forms
produce a substance that is toxic to leucocytes it is conceivable
that the reason for failure of phagocytosis during Brucella infection
may be that the Brucella organisms are also producing a substance
that is toxic to the patient's leucocytes.
It is reasonable to believe that if any of the strains of
Brucella abortus tested produced leucocidin its presence would have
been revealed by some of the methylene blue reduction tests. Several
strains, constantly yielding reactions positive for leucocidin, would
have necessitated further investigation, but with the results as they
are here, there is a very definite trend indicative of the absence of
any substance toxic to rabbit's leucocytes.
Under the conditions of this investigation the following con-
clusions are madet
48
Different strains of Brucella abortus exhibit varying de-
gree* of resistance to phagocytosis by leucocytes of e single blood.
This variation My be en inheritable strain characteristic
since the same cultures yielded to phagocytosis when tested by toe
blood of several different animals*
lo traces of any substance toxic to rabbit's leucocytes,
as determined by the Neisser-Wechsberg bioscopic technique, could be
found in any of the Brucella abortus cultures studied*
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